Stroke prevention clinics (SPCs) are a relatively recent and evolving phenomenon in the delivery of specialized health care. Patients can be seen very early after a cerebrovascular event and stated targets for risk assessment such as hypertension, hyperlipidemia, smoking, atrial fibrillation, and internal carotid artery stenosis can be made. In addition, appropriate medical and surgical interventions such as antiplatelet or anticoagulation treatment, blood pressure management, cholesterol lowering agents, and carotid endarterectomy can be initiated for secondary prevention. 1.2 Little is known about the referral patterns to SPCs ABSTRACT: Objective: To evaluate the referral patterns of patients to a stroke prevention clinic (SPC) and to test the adequacy of prereferral diagnosis and management of modifiable risk factors for stroke. Methods: We collected prospective data on consecutive patients referred to the SPC at University of Alberta Hospital in Edmonton, Alberta, Canada. Outcome measures included: alternate diagnoses to stroke or transient ischemic attack (TIA), uncontrolled or undiagnosed hypertension, hyperlipidemia and diabetes, therapies, and investigations leading to carotid endarterectomy. Results: Two thousand and eleven patients were referred to SPC. Nearly 25% of the referrals originated from the emergency room and the rest from general physicians. Of the referrals, 68.7% were confirmed as TIA or stroke at the SPC. Among 1381 patients with TIA or stroke, 736 had history of hypertension. Uncontrolled hypertension was found in 265 patients (36.0% of those with hypertension: 95% CI: 32.5-39.5) while undiagnosed hypertension was found in 103 (15.9% of those without hypertension: 95%CI: 13.14-18.79). History of hyperlipidemia was present in 451 patients (32.6%) and 356 (78.9%: 95% CI: 75.2-82.69) of these patients were not at target for secondary prevention. Among 930 patients without history of hyperlipidemia, 739 (79.5%: 95% CI: 76.8-82.1) were diagnosed with hyperlipidemia through the SPC. Fasting blood glucose levels above 7.1 mmol/L in patients with and without history of diabetes were 221 (79.2%: 95% CI: 74.5-83.9) and 66 (6%: 95%CI: 4.6-7.4) respectively. Conclusions: Management of risk factors for stroke needs improvement. SPCs should consider actively managing the classical modifiable risk factors of stroke.
inadequate management of certain modifiable risk factors, such as hypertension, hyperlipidemia, smoking and diabetes, in primary care practice despite consultations generated at SPCs. 3, 4 Suboptimal control of vascular risk factors in patients with ischemic stroke has also been found in patient recently discharged from hospital. 5 Although a recent study indicates high rates of patient compliance with secondary prevention measures (via telephone interviews), the authors indicate that this does not allow statements about the quality of secondary prevention of stroke. 6 Despite epidemiological and drug trial results, large differences exist between the evidence and the practice in stroke prevention. [7] [8] [9] It is estimated that adequate control of blood pressure or blood glucose is achieved in nearly 50% of general hypertensive or diabetic population. [10] [11] [12] [13] More recently published data from North America and several European countries indicate alarmingly low rates of adequate management of hypertension in the general population (in the range of 25-50% in North-America, and 5% to 10% in several European countries). [14] [15] [16] It is still unknown how successful SPCs will be in screening and actively managing the modifiable risk factors of stroke. 2 Thus, we evaluated the referral patterns of patients to a stroke prevention clinic (SPC) and assessed the adequacy of prereferral diagnosis and management of modifiable risk factors for stroke.
METHODS
The SPC at the University of Alberta serves a population of 1.5 million. The SPC is held daily, and the staff includes stroke neurologists and fellows, ultrasound technologist, and a nurse. The purpose of the SPC is for confirmation of cerebrovascular disease and subsequent investigation and management of modifiable risk factors for stroke in conjunction with the referring and primary care physicians. Referrals to the SPC are made by other physicians using a standardized referral form or referral letter. The referrals are triaged by the nurse coordinator. Patients are assessed in clinic to determine the etiology of their symptoms, possible risk factors, and interventions for secondary prevention are made accordingly. Patients who are candidates for carotid endarterectomy are referred to our vascular neurosurgeons.
Data for this study was collected prospectively. The following investigations and the clinical criteria were used in assessing modifiable risk factors of stroke:
Hypertension: Definition of undiagnosed or uncontrolled hypertension based on the 6 th report of the Joint National Committee 17 is given in Table 1 . Two blood pressure measurements were obtained at the SPC and the recent blood pressure values from the referring physician's office, or patient's self monitoring were collected.
Hyperlipidemia: Definition of undiagnosed or uncontrolled hyperlipidemia based on the criteria of the National Cholesterol Education Program criteria 18 is given in 
20,21
Cardiac source of embolization: Electrocardiogram, Holter monitoring, or echocardiogram was obtained as indicated. Transcranial Doppler ultrasound with agitated saline was performed mainly to investigate the presence of patent foramen ovale. Issues regarding patient education and consult letters are described in a previous study from this clinic. 3 Referrals to other subspecialty clinics were made as necessary.
Statistical Method: Means with standard deviations were used to describe continuous variables and categorical variables were described with frequencies and percentages with 95% confidence interval. The differences between continuous variables were tested using two-independent sample t-tests. McNemar tests were used to test the changes in medication use before index event, before seen at SPC, and before and after seen at SPC. A P-value < 0.05 was considered as statistically significant. These analysis were carried out using the statistical software SPSS. 22 
RESULTS
During the 30 months from January 1999 to June of 2002, 2011 patients were seen at the SPC. From the time of referral, the mean waiting period was 12.2 days (standard deviation: 6.6; range <24 hours to 30 days). All referrals were made for a query of cerebrovascular event and/or for diagnosis and management of stroke risk factors. Among 2011 patients, 1381 referrals were confirmed as transient ischemic attack (TIA) or stroke at the SPC and the remaining 630 were diagnosed with various medical or neurological conditions other than TIA or stroke. The age of the latter group was significantly younger than the age of the TIA or stroke group (p<0.001). Patient demographics are summarized in Table 2 . The frequencies of various symptoms in the non-TIA or stroke group that prompted a referral to SPC are summarized in Table 3 .
Twenty-five percent of the referrals originated from emergency room (ER) physicians, and 75% from general practitioners. Of all ER referrals 76% were reconfirmed as TIA or stroke at the SPC (i.e. a 24% diagnostic disparity). Diagnostic disparity between the general practitioners and SPC was 36%.
Among 1381 patients with TIA or stroke, 736 had a history of hypertension, and among those, 265 (36.0% of those with hypertension: 95% CI: 32.5-39.5) were uncontrolled. Another 645 patients had no past history of hypertension, but 103 (16.0% of those without a past history of hypertension: 95%CI: 13.1-18.8) of those were later diagnosed with hypertension through the SPC. Overall, 27% of the patients with TIA or stroke either had uncontrolled or undiagnosed hypertension prior to their SPC visit. A history of hyperlipidemia was present in 451 patients and 356 (78.9%: 95% CI: 75.2-82.69) of these patients were not at target for secondary prevention. Among 930 patients without history of hyperlipidemia, 739 (79.5%: 95% CI: 76.8-82.1) were diagnosed with hyperlipidemia through the SPC. Among 279 patients with known diabetes, 221 (79.2%: 95% CI: 74.5-83.9) had fasting blood glucose above the target (6.0 mmol/L) and among 1102 patients without history of diabetes, 66 (6%: 95%CI: 4.6-7.4) had fasting blood glucose above 7.0 mmol/L.
Sixteen patients were diagnosed with atrial fibrillation or sick sinus syndrome. History of coronary heart disease was present in 221 (16.4%), valvular heart disease in 16 (1.2%), permanent pace maker in 14 (1.1%), and symptomatic peripheral vascular disease in 39 (2.8%) patients.
Prior to TIA or stroke, 110 patients were already on aspirin. Following stroke or TIA but before SPC visit, an additional 869 patients were started on aspirin. At the SPC visit, another 110 patients were started on aspirin (Table 4) . Similar information for clopidogrel, Aggrenox, and warfarin is given in Table 4 . Warfarin was discontinued in 18 patients because of inappropriate indications. Fifteen patients were started on warfarin at SPC for atrial fibrillation. Therefore total of 33 changes were made in warfarin use (Table 4) . Of all TIA or strokes, 1194 (86.5%) events were in the carotid artery territories, and 187 (13.5%) were in the vertebrobasilar artery territories. Carotid Doppler was performed at the SPC in 1018 (85.3%) of the patients with carotid artery territory events. Digital-subtraction angiography was performed in 131 (12.8%) of these patients to further investigate the symptomatic carotid artery territory, 63 (48%) of which were performed to investigate dissections, aneurysms, or other intracerebral vascular pathologies. The remaining 68 (52%) angiograms were performed to further confirm carotid Doppler findings to assess eligibility for CEA. Of these 68 patients, 41 (60%) underwent CEA. Five of the CEAs were performed in patients with internal carotid artery (ICA) stenosis of 50% to 69%. All the remaining CEAs were performed on patients with symptomatic ICA stenosis of 70% to 99%.
DISCUSSION
Nearly one third of the referrals to SPC were not TIA or stroke. This high rate of discordance will be seen, as the SPC serves the community by offering the experts' removal of a diagnosis of TIA or stroke in challenging cases. However, it can also be argued that these referrals delay the appropriate diagnosis and intervention for non-stroke/TIA patients, and also prolong the SPC waiting period for the patients with true TIAs or strokes. Many patients who were not diagnosed with a TIA or stroke presented with subjective or non-specific complaints such as numbness, tingling, blurred vision, or memory impairment. Elevating the knowledge base of ER physicians and general practitioners with regards to stroke syndromes may decrease the diagnostic disparity.
Among many risk factors stroke, management of hypertension 23, 24 hyperlipidemia, 25 atrial fibrillation 26 and carotid endarterectomy for symptomatic carotid stenosis 20 have been shown to offer secondary prevention of stroke in randomized trials. However, a large number of patients have either uncontrolled or undiagnosed risk factors, particularly hypertension. There are multiple reasons for this, including underdiagnosis, patient compliance, and conditions that may be resistant to treatment. Starting late 1970s, the incidence of stroke severity and stroke mortality has decreased in the United States. This has been partly attributed to better detection and management of hypertension. 27 However, it is estimated that in the United States almost half of the individuals with hypertension remain hypertensive. 28 A recent study from Canada estimated that nearly 60% of individuals with hypertension are not managed according the Canadian hypertension recommendations. 29 The current evidence about the benefit of adequate blood pressure management in primary and secondary prevention of stroke should be vigorously practiced. 23, 24, 30 Although their effectiveness has yet to be proven, SPCs should be actively involved in the screening and management of hypertension.
Similarly, a significant number of patients were not at the appropriate target LDL cholesterol level for secondary prevention. This is concerning finding, especially in view of the results of Heart Protection Study. 25 Our data indicates that the diagnosis and management of hyperlipidemia in the stroke population is suboptimal. The exact cause of this disparity between current recommendations and the reality in the community is unknown. Recently, it was shown that in patients with coronary heart disease, only 37% of the eligible patients received lipid lowering drugs, and nearly 60% were screened according National Cholesterol Education Program guidelines. 31, 32 Considering that secondary prevention concepts in stroke are more recently developed as compared to that for coronary heart disease, it is hoped that over time screening and adequate management of hyperlipidemia for secondary prevention of stroke will improve in community practice. Once again, SPCs should take a leading role in this aspect of stroke prevention as well.
Diagnosis of diabetes was missed in relatively fewer patients. However the success rate of adequate glycemic control among diabetics was low. This finding highlights the need to develop a working partnership between metabolic clinics, general practitioners and SPCs, especially when NCEP-III guidelines are considered, where diabetes is classified as a coronary artery disease equivalent. 19 Following a TIA or stroke, aspirin was prescribed in large number of patients by community practice or ER physicians. Although through the SPC, 254 changes or additions were made in antiplatelet prescriptions, the use of these medications closely followed the general guidelines. Warfarin was discontinued in 18 patients because of inappropriate indications. This is concerning, especially considering that only few clear indications exist for the long term use of this medication in stroke or TIA.
Patients presenting with carotid artery territory stroke or TIA were thoroughly investigated for symptomatic carotid disease and only 41 patients with anterior circulation TIA or stroke underwent CEA. The great majority of surgical interventions were performed on symptomatic ICA stenosis of 70-99%. The five patients with 50% to 69% ICA stenosis who underwent CEA had multiple risk factors for stroke. No patient was screened or underwent carotid endarterectomy for asymptomatic ICA stenosis. This is in agreement with the recent recommendations of Canadian Stroke Consortium. 33 A recent published audit on CEA performed in a Canadian health care region reflects this practice. 34 In conclusion, in the community practice many patients remain undiagnosed or sub-optimally managed for hypertension, hyperlipidemia and diabetes, following cerebrovascular ischemic events. While extended involvement of SPCs in screening and managing the conventional risk factors of stroke seems to be necessary, additional studies are needed to assess the effectiveness of SPCs in managing the common risk factors of stroke such as hypertension and hyperlipidemia.
